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Background: Individuals with chronic whiplash associated disorder (WAD) demonstrate various 
psychological features. It has previously been demonstrated that cervical radiofrequency neurotomy 
(cRFN) resolves psychological distress and anxiety. It is unknown if cRFN also improves or reduces a 
broader spectrum of psychological substrates now commonly identified in chronic whiplash, such 
as post-traumatic stress disorder (PTSD) and pain catastrophizing.
Objectives: To determine if reducing pain in the cervical spine (following cRFN) significantly 
reduces psychological features (distress, pain catastrophizing and post-traumatic stress symptoms) 
in individuals with chronic WAD.
Setting: Tertiary spinal intervention centre in Calgary, Alberta, Canada.
Study Design: Prospective observational study of consecutive patients.
Methods: Patients: Fifty-three individuals with chronic whiplash associated disorder symptoms 
(Grade 2). Intervention: Cervical RFN following successful response to cervical facet joint blockade. 
Measures were made at 4 time points: 2 prior to RFN, and 1-month and 3-months post-RFN. 
Psychological measures included the General Health Questionnaire (GHQ-28); Pain Catastrophizing 
Scale (PCS) and the Post Traumatic Stress Diagnostic Scale (PDS). Self-reported pain (VAS) and 
disability (NDI) measures were also collected.
Results: Pain, disability, psychological distress and pain catastrophization significantly decreased 
at both 1-month and 3 months following cervical RFN. There was no significant change in 
post-traumatic stress symptom severity (P = 0.39). Reducing pain via cRFN was associated with 
significant improvement in psychological distress and pain catastrophizing, but not posttraumatic 
stress symptoms. 
Limitations: Individual administering questionnaires was not blinded to aim(s) of the study. 
Other psychological features possibly present in WAD were not measured.
Conclusion: Effective pain relief would seem a crucial element in the management of 
psychological features associated with chronic WAD. 
IRB Approval: University of Calgary Conjoint Health Research Ethics Board ID#: E-22082.
Key words: Whiplash, radiofrequency neurotomy, cervical facet joints, psychology, psychological 
distress, pain catastrophizing, post traumatic stress disorder
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catastrophic thinking was demonstrated following 
successful knee joint arthroplasty, suggesting that 
catastrophizing is modulated by pain intensity (31). We 
are not aware of studies in chronic WAD investigating 
the influence of modulating pain and its effect on pain 
catastrophizing.
Cervical RFN is a neuroablative technique that de-
natures the sensory nerves of the cervical facet joints, 
resulting in reduction of nociception and related pain 
(32,33). We have reported on a cohort of individuals 
with chronic WAD for whom RFN led to significant and 
clinically relevant reductions in pain, disability, and 
sensory hypersensitivity, and improved neck movement 
(34). 
The aim of this study was to determine if psy-
chological distress, pain catastrophizing, and PTSD 
symptoms were modulated with the reduction of pain 
following RFN. We hypothesized that following pain 
reduction with RFN there would be concomitant reduc-
tions in psychological distress, pain catastrophizing, 
and posttraumatic stress symptoms.
Methods
Design
A prospective cohort study design was employed 
at a tertiary spinal intervention center in Calgary, Al-
berta, Canada. Patients were assessed and completed 
questionnaires at the following time points: (t1) at a 
time period when their familiar baseline neck pain was 
present (when symptoms returned following success-
ful cervical facet joint blockade) (34); (t2) immediately 
prior to receiving RFN; t(3) one month following RFN; 
and t(4) 3 months following RFN. 
Procedure
Diagnostic facet joint and RFN procedures used in 
this study have been previously documented (34,35). 
In summary, symptomatic facet joints were initially 
chosen based on clinical assessment (36). Patients dem-
onstrating reproducible symptom relief of at least 50% 
with serial diagnostic blocks (intra-articular facet joint 
injections and medial branch blocks) were considered 
appropriate candidates for RFN. RFN was performed 
using local anesthetic and fluoroscopic guidance, typi-
cally using a 21-gauge RF cannula with a 5 mm active 
tip, placing the tip parallel to the expected course of 
the nerves supplying the target joints (i.e. the medial 
branch above and below the joint). Thermal lesions 
were then made at each site, heating the tip of the can-
Chronic whiplash associated disorders (WAD) following a motor vehicle crash are a significant public health problem that incur substantial 
personal and economic costs (1-3). Psychological 
distress is common in many chronic pain conditions (4-
6), including chronic WAD. Psychological features which 
may be evident include anxiety, distress, depression, 
and posttraumatic stress disorder (PTSD) (7-11). 
Relationships have been demonstrated between 
pain and psychological distress in individuals with WAD. 
Initial distress in those who recover abates in parallel 
with resolving pain and disability (6,12,13). In contrast, 
psychological distress remains elevated in those with 
poor recovery and ongoing pain and disability (14,15). 
It has been demonstrated in patients with chronic WAD 
that pain relief following successful cervical radiofre-
quency neurotomy (RFN) resolves psychological distress 
and anxiety (16). Relationships have not been examined 
between pain and a broader spectrum of psychological 
substrates now commonly identified in chronic WAD, 
such as PTSD and pain catastrophizing. 
Chronic pain and PTSD often co-exist (17-20), with 
increasing recognition of potentially shared aetiologi-
cal pathways of WAD and PTSD (21). A recent study 
explored directional relationships between PTSD and 
chronic pain in 323 survivors of accidents (not whiplash) 
(22). A mutual relationship was found between pain 
intensity and posttraumatic stress symptoms at 5 days 
post-injury; but by 6 months post-injury (chronic stage), 
PTSD symptoms impacted significantly on pain but not 
vice versa (22). Further, a recent preliminary random-
ized controlled trial demonstrated that decreasing PTSD 
symptoms with a trauma-focused cognitive behavioral 
intervention resulted in decreased levels of pain related 
disability; with no changes in pain intensity or sensory 
pain thresholds demonstrated (23), thus providing par-
tial support for the possibility that PTSD symptoms 
impact pain related factors. One way to further explore 
these relationships would be to modulate pain and 
evaluate effects on PTSD symptoms. To our knowledge 
such an investigation has not yet been undertaken.    
Catastrophization refers to an exaggerated nega-
tive orientation toward noxious stimuli (24). Catastro-
phizing is associated with enhanced pain reports, 
disability (25,26), poor prognosis (27), and lower pain 
threshold/tolerance levels (28) in individuals with WAD. 
Treatment addressing catastrophization in individuals 
with WAD has demonstrated reductions in catastrophic 
thinking, with only modest improvements in pain 
and disability measured (29,30). In contrast, reduced 
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nula to 80 degrees Celsius for 75 seconds. In addition, 
the third occipital nerve was  targeted when  treating 
the C2-3 facet joint. 
Patients
Inclusion Criteria  
Consecutive patients were recruited from individu-
als aged 18 – 65 years; with WAD Grade II (3) of a dura-
tion greater than 6 months post motor vehicle collision 
(MVC); who had had a successful response (greater than 
50% of neck pain relief) to cervical facet joint blockade 
(intra-articular block followed by confirmatory medial 
branch block) (34); and who subsequently underwent 
RFN (34).  
Exclusion Criteria 
Individuals were excluded from the study if they 
were classifiable as WAD Grade III (neurological deficit) 
or IV(fracture or dislocation) (3); sustained a concussion 
or loss of consciousness as a result of the trauma; if they 
were not fluent in spoken or written English; had a 
major psychiatric history (e.g., psychosis, schizophrenia, 
bipolar disorder, etc.) or were previously treated for 
depression/anxiety.  
All the patients were unpaid volunteers. Ethical 
clearance for this study was granted from the institu-
tional medical research ethics committees. All patients 
provided informed consent.
Outcome Measures
Questionnaires
As previously reported (35), a general intake ques-
tionnaire was provided to capture the details of collision 
related factors, symptoms, and demographics of the 
patients. Measures of pain (visual analogue scale – VAS) 
and disability (Neck Disability Index – NDI, [35)] were 
also collected and have previously been reported (34). 
All patients completed the General Health Ques-
tionnaire-28 (GHQ-28) (37) as a measure of general psy-
chological distress. The GHQ-28 consists of 4 subscales, 
measuring 28 items of emotional distress in medical 
settings: somatic symptoms (items 1 to 7), anxiety/in-
somnia (items 8 to 14), social dysfunction (items 15 to 
21), and severe depression (items 22 to 28). Each item 
has a 4-point rating scale ranging from 0 to 3. The total 
score provides a measure of psychological distress, with 
greater distress indicated by a higher score. The GHQ-28 
has been used in previous research of WAD (6,12). 
The Posttraumatic Diagnostic Scale (PDS) (38) was 
used to assess the presence of post-traumatic stress 
symptoms according to the Diagnostic and Statistical 
Manual of Mental Disorders (fourth edition, text re-
vision; DSM– IV–TR [39]) diagnostic criteria for PTSD. 
Patients completed the questionnaire in relation to 
the MVC which resulted in their WAD injury. Using a 
Likert 4-point scale, patients rated 17 items represent-
ing the cardinal symptoms of PTSD experienced in the 
past month. Finally, patients rated the level of impair-
ment caused by their symptoms across 9 areas of life 
functioning. A probable diagnosis of PTSD is made 
only when a specified number of DSM IV criteria are 
met across symptom clusters. The PDS also includes a 
symptoms severity score which ranges from 0 to 51, 
obtained by adding up the individual’s responses of the 
17 symptom items. The cut-offs for symptom severity 
rating are 0 no rating, 1 – 10 mild, 11 – 20 moderate, 
21 – 35 moderate to severe and > 36 severe. The PDS 
has demonstrated high internal consistency and good 
stability and is a valid instrument for the assessment of 
PTSD in survivors of various traumatic events including 
MVC (40,41).
Pain catastrophizing was evaluated using the Pain 
Catastrophizing Scale (PCS) (24). This 13-item question-
naire describes various thoughts and feelings that 
individuals experience when in pain, and indicates the 
degree to which each of the items applies to them, 
when reflecting on their past pain experiences. Each 
item has a 5-point rating scale ranging from 0 not at 
all to 4 all the time, with addition of these scores pro-
viding a total for the PCS. The PCS measures 3 distinct 
components: rumination, magnification, and helpless-
ness (24). Research indicates that the PCS is associated 
with heightened pain severity and has high internal 
consistency (42).
Statistical Analysis
Stata 9.0 statistical software was used to analyze 
data. To detect meaningful differences over time, 
power analyses were conducted to determine the 
number of patients required. Given the lack of previ-
ous research on these specific co-morbidities with 
utilization of these outcome measures, effect sizes 
were estimated from relevant previous research on 
catastrophization (30) and psychological distress (16). 
Moderate-to-large effect sizes were estimated. On the 
basis of the previous research and in accordance with 
guidelines set out by Cohen (43), power was set at 0.80 
and the significance level at 0.05. Following collation 
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of these results, it was determined that a minimum of 
17 patients would be required to allow enough power 
to detect meaningful differences over time. 
Assumptions of normality, residual normality, 
and sphericity were tested through examination of 
histograms, box plot graphs, and plots of predicted to 
residual values respectively. Normality was not demon-
strated in the following questionnaire measures – GHQ-
28, PCS, and PDS. 
For GHQ-28, PCS, and PDS results (and their re-
spective sub-components), non-parametric Friedman 
repeated measure tests were utilized to analyze differ-
ences over time. Significance level was set at 0.05. Where 
there was a significant group difference demonstrated 
(over time), Mann-Whitney U tests were performed 
between each and every time point (6 comparisons) to 
evaluate where the differences occurred. Bonferroni 
adjustment was used, such that the significance level 
was set at 0.008. 
Chi-squared analysis was utilized to determine if 
there was a difference in proportions of individuals 
over time with “above threshold” scores for GHQ-28 (> 
23) (37), PCS (>24) (29), and probable diagnosis of PTSD 
as determined by the PDS questionnaire (38).
The data were assessed for effect size using Co-
hen’s d for normally distributed data and Cliff’s Delta 
for non-parametric analyzed data (44). The established 
convention rates were used. A Cohen’s d effect size of 
0 < 0.50 is small, a size of 0.50 to < 0.80 is moderate, 
and > 0.80 is large (45). The corresponding effect sizes 
for Cliff’s Delta are < 0.147 is small; between 0.148 and 
0.33 is moderate, and > 0.33 is large (46). Effect size was 
calculated utilizing t(4), being the primary end point of 
this study, and t(2), the time period immediately prior 
to receiving RFN.
Results
Patients
Fig. 1 demonstrates the flow of patients through 
the study. This study investigated 53 individuals (36 
women, 17 men, mean age = 44.7 +/- 10.9 [SD] years) 
who underwent cervical RFN. Three individuals failed 
to complete the study (one pregnancy; 2 lost to follow-
up). The median (range) duration of symptoms post 
whiplash was 43 [9 – 195] months. All patients received 
initial treatment following the MVC (35). As previously 
reported, pain scores (VAS 0 – 100: mean +/- SD) were 
stable between t(1) (58 +/- 19) and t(2) (55 +/- 19) prior 
to the RFN but reduced significantly as measured at the 
2 time points post RFN t(3) (25 +/- 20) and t(4) (25 +/- 
21) (34). Similarly, disability scores (NDI%: mean +/- SD) 
remained stable between t(1) (42 +/- 15) and t(2) (43 
+/- 16), with significant improvement measured follow-
ing RFN at t(3) (29 +/- 16) and t(4) (27 +/- 16).  
General Health Questionnaire (GHQ-28)
The median scores, interquartile ranges, and pro-
portion of patients exceeding the threshold score (≥ 
23) for GHQ-28 are presented in Table 1. The threshold 
score is indicative of presence of generalized psycho-
logical distress (37).
There was a significant effect of time, both in terms 
of proportion of individuals over the threshold score 
of 23/24 (χ2 = 14.8, 3 d.f., P = 0.002), and their respec-
tive total scores (χ2 = 13.5,3 d.f., P = 0.0012). Post-hoc 
analysis revealed a significant decrease in GHQ-28 total 
scores between t(1) and t(3) (P = 0.0025), t(1) and t(4) 
(P = 0.0002), t(2) and t(3) (P < 0.0001), and t(2) and t(4) 
(P = 0.0001), with no significant differences measured 
prior to undergoing RFN (P = 0.64) or following RFN 
(P = 0.92). A large effect size was demonstrated (Cliff’s 
Delta: 0.68).
Immediately prior to undergoing RFN (t(2)), ap-
proximately two-thirds (64%) of the individuals had a 
total threshold score > 23/24 (presence of generalized 
psychological distress), while 3 months following RFN 
(t(4)), only one-third (34%) of individuals recorded 
a score above this threshold; with the median group 
score reducing from 25 to 19 (below threshold) over the 
intervening period. 
The median scores for the sub-component catego-
ries of the GHQ-28 are presented in Table 2 (somatic 
symptoms, anxiety/sleeplessness, social dysfunction, and 
severe depression). In respect to the sub-component 
scores of the GHQ-28, there was a significant effect 
of time demonstrated in 3 of the 4 sub-components. 
Somatic symptoms (χ2 = 11.7,3 d.f., P = 0.0029), anxiety/
sleeplessness (χ2 = 7.99,3 d.f., P = 0.018), and social dys-
function (χ2 = 14.5,3 d.f., P = 0.0007) all demonstrated 
significant improvement following RFN. There was no 
significant effect of time for the depression subscale (χ2 
= 4.0,3 d.f., P = 0.14).  
Pain Catastrophization (PCS)
The median scores, interquartile ranges, and pro-
portion of patients exceeding the threshold score (> 24) 
for PCS (29) are presented in Table 1. 
There was a significant effect of time for PCS scores 
(χ2 = 20.9,3 d.f., P < 0.0001). Post-hoc analysis revealed 
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Fig. 1. Flow of  participants through the study.
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Table 1. Median [Interquartile Range] scores for psychological measures over time.
Time Period
GHQ-28 PCS PDS
% ≥23
Score
[IQR]
% ≥24
Score
[IQR]
% met criteria 
probable PTSD
Severity Score
[IQR]
t(1) 64% 24[19.32] 19%
15
[9.22] 30%
7
[2,13]
t(2) 62% 25[17.37] 23%
17
[7.23] 34%
8
[2,14]
t(3) 40% 17[12.31] 13%
10
[4.17] 26%
5
[0,14]
t(4) 34% 19[12.26] 10%
8
[1.15] 16%
6
[2,11]
Legend: GHQ = General Health Questionnaire; PCS = Pain Catastrophization Scale; PDS = Post Traumatic Stress Diagnostic Scale; t(1) = time-
point 1 (admission to study following cervical facet joint injection double blockade); t(2) = time-point 2 (immediately prior to receiving radiofre-
quency neurotomy); t(3) = time-point 3 (one month following radiofrequency neurotomy); t(4) = time-point 4 (three months following radiofre-
quency neurotomy)
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a significant decrease in PCS scores between t(1) and 
t(3) (P = 0.0001), t(1) and t(4) (P < 0.0001), t(2) and t(3) 
(P < 0.0005), and t(2) and t(4) (P = 0.0001), with no sig-
nificant differences measured prior to receiving RFN (P 
= 0.78) or following RFN (P = 0.012). The demonstrated 
effect size was large (Cliff’s Delta: 0.72). 
There was no significant difference in proportion 
of individuals over the threshold score of 24 (χ2 = 3.65,3 
d.f., P = 0.30). Immediately prior to RFN (t(2)), 23% of 
individuals had a total threshold score > 24, while 3 
months following RFN (t(4)), 10% of individuals scored 
above this schedule; with the median group score re-
ducing from 17 to 8 during this time period. 
Post-Traumatic Stress (PDS)
The median scores, interquartile ranges, and pro-
portion of patients meeting the criteria for a probable 
diagnosis of PTSD (38) are presented in Table 1. 
There was no significant difference demonstrated 
over time, in regard to proportion of individuals with a 
probable diagnosis of PTSD as measured on the PDS (χ2 
= 4.68,3 d.f., P = 0.20). There was also no difference in 
severity of posttraumatic stress symptoms for the group 
over time (χ2 = 1.90,3 d.f., P = 0.39). There was no dif-
ference over time in regard to the number of posttrau-
matic stress symptoms demonstrated by individuals (χ2 
= 2.24,3 d.f., P = 0.33).  
At entry into the study (t(1)), 30% of individuals 
met criteria for a probable diagnosis of PTSD based on 
the scoring criteria of the PDS, which was essentially 
unchanged (26%) one month after receiving RFN. At 
3 months following RFN, 16% of individuals fulfilled 
the PDS criteria for probable diagnosis of PTSD. In so 
far as the severity of symptoms were concerned, the 
group median score of 7 (at entry to the study) and 
6 (3 months post-RFN) equate to a mild level of stress 
symptoms being present (38). 
discussion 
Patients presented with initial moderate to severe 
levels of pain and disability and clinical levels of psycho-
logical distress, similar to previous studies of individuals 
with WAD (47,48), and individuals undergoing cervical 
RFN (33,49-52). We have previously shown that cervi-
cal RFN led to significant, and clinically relevant, early 
and sustained reductions in their pain and disability, 
together with improved sensory and motor function 
(34). In parallel, this study demonstrated reductions in 
psychological distress and pain catastrophizing post-
RFN. No significant changes in posttraumatic stress 
symptoms were found post-RFN although there were 
trends towards reduced severity and number of symp-
toms, as well as a reduced proportion of individuals 
meeting criteria for a probable PTSD diagnosis. 
Our results are consistent with prior studies where 
reductions in psychological distress (16,50), anxiety (16), 
depression (50), and somatic symptoms (50) were dem-
onstrated following RFN for patients with chronic WAD. 
In contrast, prospective data from non-interventional 
studies indicate that levels of psychological distress re-
main relatively consistent over time, with little evidence 
of fluctuation or resolution (8,12-15). This differs from 
those with a resolving acute condition, who exhibit de-
creasing levels of distress that parallel decreases in pain 
and disability (6,12,13). Results of the current study 
support the hypothesis that ongoing distress is associ-
ated with higher levels of pain. Levels of depression did 
not change significantly in the current study and this 
Table 2. Median [Interquartile Range] scores for each sub-component of  the GHQ-28.
GHQ-28 Subscale
Somatic Anxiety/Sleeplessness Social Dysfunction Severe Depression
Median
[IQR]
Median
[IQR]
Median
[IQR]
Median
[IQR]
t(1) 8[5.10]
6
[4.10]
8
[7.10]
1
[0.3]
t(2) 9[7.11]
7
[4.10]
8
[7.12]
1
[0.3]
t(3) 5[3.9]
6
[2.8]
7
[6.11]
0
[0.2]
t(4) 6[4.9]
5
[3.7]
7
[5.9]
0
[0.1]
Legend: GHQ = General Health Questionnaire; t(1) = time-point 1 (admission to study following cervical facet joint injection double blockade); 
t(2) = time-point 2 (immediately prior to receiving radiofrequency neurotomy); t(3) = time-point 3 (one month following radiofrequency neu-
rotomy); t(4) = time-point 4 (three months following radiofrequency neurotomy)
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may reflect the instrument used, given that other stud-
ies have documented that depressive symptomatology 
after whiplash injuries is common (53) and predictive 
of poor prognosis (54). The depression sub-scale of the 
GHQ-28 measures severe depression which was not a 
characteristic of our group. Our participants scored very 
low on this sub-scale at baseline, leaving little room for 
improvement and possibly resulting in a floor effect. 
Further research is needed using a more sensitive mea-
sure to evaluate the effects of pain relief with RFN on 
depression.
Prior to RFN, 30 – 34% of our patients had a prob-
able diagnosis of PTSD, based on the criteria of the PDS 
(55). This is consistent with previous research indicating 
the prevalence of PTSD in chronic WAD to be similar to 
more major traumatic injuries requiring hospital admis-
sion (56). The proportion of patients with a probable 
PTSD diagnosis decreased from 34% to 16% following 
RFN, although this was not statistically significant. 
Similarly, a small and non-significant decrease in PTSD 
symptom levels was found. This may also be due to a 
floor effect, given that patients reported only mild PTSD 
symptoms at baseline and post-RFN, but also may be a 
reflection of the sample size of the study or indicate 
that PTSD symptoms are not as dependent upon pain 
levels as the other psychological substrates measured. 
In a prospective, longitudinal study following traumatic 
injury, Jenewein et al (22) showed that in the chronic 
stage, PTSD symptoms impacted pain, but not vice 
versa. Our results support these findings as significant 
reductions in pain following RFN were not associated 
with significant reductions in posttraumatic symptoms. 
In addition, in chronic WAD, decreasing PTSD symptoms 
with trauma-focused cognitive behavioural therapy 
resulted in decreased pain related disability but not 
pain intensity or pain thresholds (23). Thus, our non-
significant results for PTSD when pain was targeted and 
the inconsistent results on pain outcomes in Dunne et 
al’s study (23) when PTSD symptoms were targeted in-
dicate that the nature of the relationship between pain 
and PTSD remains unresolved. Both our study and that 
of Dunne et al’s are likely hampered by low sample size 
and future studies with larger samples are required. 
Taken together, these results may indicate that both 
pain and PTSD should be targeted in the management 
of chronic WAD. Treatment of underlying nociception 
to reduce pain (e.g. RFN) combined with treatment of 
PTSD (e.g. cognitive behavioural therapy) may be an 
option in the management of chronic WAD with identi-
fied facet joint involvement.  
There is debate on whether catastrophization 
is a stable (enduring) (57) or dynamic trait related to 
particular constructs such as pain (58). Individuals with 
chronic WAD presenting with pain catastrophizing 
demonstrate poor physical outcomes (28), concurrent 
disability (25,26), and poor prognosis (27). When cata-
strophic thinking has been addressed (in work-disabled 
individuals with sub-acute WAD) through multidisci-
plinary rehabilitation (29), physical therapy, or multi-
faceted psychosocial risk factor-targeted interventions 
(30), reductions in catastrophizing have resulted, 
however with only modest improvements in pain and 
disability (29,30). Approximately 20% of our patients 
presented with clinically significant catastrophic think-
ing. In contrast to the modest improvements in pain 
in other studies, our study demonstrated concurrent 
reductions in both pain and catastrophizing scores, 
with large effect sizes. It is also notable that the scores 
for catastrophizing following RFN (median score = 8) 
were substantially less than the post-treatment scores 
following physiotherapy (score = 14.0) or a 10-week 
program of physiotherapy combined with a multi-
pronged strategy aimed at reducing psycho-social risk 
factors (score = 20.6) (30). The significant reduction in 
pain following RFN was associated with substantial im-
provement in pain catastrophizing, similar to findings 
of a recent study of individuals undergoing total knee 
arthroplasty (31). In combination, these findings sup-
port the proposal by Buitenhuis et al (25), who argue 
that catastrophization likely results from high levels of 
pain and disability.
Thirty-four percent of individuals continued to re-
port ongoing generalized psychological distress (GHQ-
28) 3 months after receiving RFN. While levels of pain 
related disability decreased significantly, the mean NDI 
score of the group indicated the presence of persistent 
mild to moderate levels in some individuals. This may 
be a reason for ongoing levels of distress. Alternatively 
the ongoing distress may be related to the “other” 
symptoms reported by over 50% of individuals in this 
study including headaches, shoulder/arm pain, thoracic 
spine, pain and lumbar spine pain (35). The reverse rela-
tionship may also exist, whereby ongoing psychological 
distress leads to persistent pain and disability (59). Ad-
ditional management addressing psychological distress 
may be required to further decrease pain and disability 
in this patient group.      
There are additional limitations of the current 
study that warrant discussion. Review of patients was 
limited to 3 months post-RFN to allow investigation 
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regarding the role of reduced pain on symptom presen-
tation. Thus, the longer term effects of RFN on psycho-
logical manifestations cannot be established with this 
study. While patients completed the questionnaires in-
dependently, they were administered by the researcher 
who was aware of the aims of the study. Additionally, 
in order to minimize patient burden, we did not inves-
tigate other psychological factors shown to be present 
in WAD, such as self efficacy (60), fear of movement 
(61,62), coping styles (63-66), and beliefs and attitudes 
regarding expected recovery (25,67,68). Investigation 
of these factors following RFN is warranted.
Limitations
Individuals in this study were also free to pursue 
treatment following RFN. Fifteen individuals attended 
treatment following RFN. One individual continued 
to attend the regional multidisciplinary chronic pain 
center. Thus, the psychological improvements noted in 
this study cannot categorically be all attributed to RFN. 
However, given that these individuals were receiving, 
and had received, lengthy doses of treatment prior 
to RFN, without improvement in any measures docu-
mented between t(1) and t(2), we are confident that 
the results demonstrated can be attributed to the ef-
fects of cervical RFN. 
conclusion
In summary, our results support the hypothesis that 
pain reduction following cervical RFN is associated with 
reductions in psychological distress and pain catastro-
phizing. Further research on the relationship between 
pain and posttraumatic stress symptoms is warranted.
AcknowledgMents
Author Affiliation
Smith is with the Division of Physiotherapy, NHMRC 
Centre of Clinical Excellence Spinal Pain, Injury and 
Health, University of Queensland, Brisbane, Australia. 
Dr. Jull is with the Division of Physiotherapy, NHMRC 
Centre of Clinical Excellence Spinal Pain, Injury and 
Health, University of Queensland, Brisbane, Australia. 
Dr. Schneider is with the Faculty of Medicine, University 
of Calgary, Calgary, Alberta, Canada; Evidence Sport and 
Spinal Therapy, Calgary, Alberta, Canada; and LifeMark 
Health, Calgary, Alberta, Canada. Dr. Frizzell is with the 
Faculty of Medicine, University of Calgary, Calgary, Al-
berta, Canada. Dr. Hooper is with the Faculty of Medi-
cine, University of Calgary, Calgary, Alberta, Canada. Dr. 
Dunne-Proctor is with the Centre of National Research 
on Disability and Rehabilitation Medicine (CONROD) 
at The University of Queensland, Brisbane, Australia 
at The University of Queensland, Brisbane, Australia, 
whilst Dr. Sterling is with CONROD at Griffith Health 
Institute, Griffith University, Gold Coast, Australia. 
Funding: MS receives a fellowship from the Na-
tional Health and Medical Research Council of Aus-
tralia. No funding was used in this study. The authors 
would like to acknowledge Ms. Meaghan Buisson for 
her assistance with patient recruitment. 
This study obtained ethics clearance through the 
Conjoint Health Research Ethics Board of the University 
of Calgary (#E-22082). This is an original manuscript and 
adheres to ethics thereof. All authors have read and ap-
proved the final manuscript as submitted and have no 
conflicts of interest to disclose.
This manuscript incorporates material presented 
at the following meetings and contains material pub-
lished in the meeting abstracts as follows:
Smith A, Jull G, Schneider G, Frizzell B, Hooper 
A, Sterling M. Cervical Radiofrequency Neurotomy 
Reduces Psychological Distress and Pain Catastrophiza-
tion, but Not Post-Traumatic Stress in Individuals with 
Chronic WAD. Pain Res Manag, 2013: 18(2): Mar/Apr: 
e13 (2013 Canadian Pain Society Meeting Abstract)
Smith A, Sterling M, Jull G, Schneider G, Frizzell B, 
Hooper A. Reducing Peripheral Nociception in Individu-
als With Chronic Whiplash, Following Cervical Radiofre-
quency Neurotomy, Results in Immediate Reduction in 
Sensory Hypersensitivity and Psychological Distress. Poster. 
14th World Congress on Pain. Milan, Italy. Aug 27-31, 2012 
Contributions:
AS: conception and research design; data collec-
tion, statistical analysis and interpretation; manuscript 
preparation and revision 
GJ: research design, intellectual contributions; data 
interpretation; manuscript preparation and revision
GS: conception and research design, intellectual 
contributions; data interpretation; manuscript prepara-
tion and revision
AH: intellectual contributions, manuscript prepara-
tion and revision
BF: conception and research design, intellectual 
contributions; manuscript preparation and revision
MS: conception and research design, intellectual 
contributions; data analysis and interpretation, manu-
script preparation and revision.
Cervical Radiofrequency Neurotomy Reduces Psychological Features in Chronic Whiplash
www.painphysicianjournal.com  273
RefeRences
1. Blincoe L, Seay A, Zaloshnja E, Miller T, 
Romano E, Luchter S, Spicer R. The eco-
nomic impact of motor vehicle crashes 
2000. In: Transportation WDDo, DOT HS 
(ed). 2002. 
 www.cita-vehicleinspection.org/Portals/
cita/autofore_study/LinkedDocuments/
literature/NHTSA%20the%20econom-
ic%20impact%20of%20motor%20ve-
hicle%20crashes%202000%20USA%20
2002.pdf 
2. Joslin CC, Khan SN, Bannister GC. Long-
term disability after neck injury. A com-
parative study. J Bone Joint Surg Br 2004; 
86:1032-1034.
3. Spitzer WO, Skovron ML, Salmi LR, Cas-
sidy JD, Duranceau J, Suissa S, Zeiss E. 
Scientific monograph of the Quebec Task 
Force on Whiplash-Associated Disorders: 
Redefining “whiplash” and its manage-
ment. Spine 1995; 20:1S-73S.
4. Linton SJ. A review of psychological risk 
factors in back and neck pain. Spine (Phila 
Pa 1976) 2000; 25:1148-1156.
5. Main CJ, Wood PL, Hollis S, Spanswick 
CC, Waddell G. The Distress and Risk As-
sessment Method. A simple patient clas-
sification to identify distress and evaluate 
the risk of poor outcome. Spine (Phila Pa 
1976) 1992; 17:42-52.
6. Sterling M, Kenardy J, Jull G, Vicenzino 
B. The development of psychological 
changes following whiplash injury. Pain 
2003; 106:481-489.
7. Peebles JE, McWilliams LA, MacLennan 
R. A comparison of symptom checklist 
90-revised profiles from patients with 
chronic pain from whiplash and patients 
with other musculoskeletal injuries. Spine 
2001; 26:766-770.
8. Radanov BP, Begre S, Sturzenegger M, 
Augustiny KF. Course of psychological 
variables in whiplash injury — a 2-year 
follow-up with age, gender and educa-
tion pair-matched patients. Pain 1996; 
64:429-434.
9. Sturzenegger M, Radanov BP, Di Stefano 
G. The effect of accident mechanisms 
and initial findings on the long-term 
course of whiplash injury. J Neurol 1995; 
242:443-449.
10. Nederhand MJ, Ijzerman MJ, Hermens 
HJ, Turk DC, Zilvold G. Predictive value 
of fear avoidance in developing chronic 
neck pain disability: Consequences for 
clinical decision making. Arch Phys Med 
Rehabil 2004; 85:496-501.
11. Sterling M, Chadwick BJ. Psychologic 
processes in daily life with chronic whip-
lash: Relations of posttraumatic stress 
symptoms and fear-of-pain to hourly pain 
and uptime. Clin J Pain 2010; 26:573-582.
12. Gargan M, Bannister G, Main C, Hollis S. 
The behavioural response to whiplash in-
jury. J Bone Joint Surg Br 1997; 79:523-526.
13. Rebbeck T, Sindhusake D, Cameron I, 
Rubin G, Feyer A-M, Walsh J, Gold M, 
Schofield W. A prospective cohort study of 
health outcomes following whiplash asso-
ciated disorders in an Australian popula-
tion. Injury Prevention 2006; 12:93-98.
14. Sterling M, Jull G, Kenardy J. Physical and 
psychological factors maintain long-term 
predictive capacity post-whiplash injury. 
Pain 2006; 122:102-108.
15. Wenzel HG, Haug TT, Mykletun A, Dahl 
AA. A population study of anxiety and 
depression among persons who report 
whiplash traumas. J Psychosom Res 2002; 
53:831-835.
16. Wallis BJ, Lord SM, Bogduk N. Resolu-
tion of psychological distress of whiplash 
patients following treatment by radiofre-
quency neurotomy: A randomised, dou-
ble-blind, placebo-controlled trial. Pain 
1997; 73:15-22.
17. Otis JD, Keane TM, Kerns RD. An exami-
nation of the relationship between chron-
ic pain and post-traumatic stress disor-
der. J Rehabil Res Dev 2003; 40:397-405.
18. Chibnall JT, Duckro PN. Post-traumatic 
stress disorder in chronic post-traumat-
ic headache patients. Headache 1994; 
34:357-361.
19. Hickling EJ, Blanchard EB, Silverman 
DJ, Schwarz SP. Motor vehicle accidents, 
headaches and post-traumatic stress dis-
order: Assessment findings in a consecu-
tive series. Headache 1992; 32:147-151.
20. Taylor S, Fedoroff IC, Koch WJ, Thordar-
son DS, Fecteau G, Nicki RM. Posttrau-
matic stress disorder arising after road 
traffic collisions: Patterns of response to 
cognitive-behavior therapy. J Consult Clin 
Psychol 2001; 69:541-551.
21. Sharp TJ, Harvey AG. Chronic pain and 
posttraumatic stress disorder: Mutual 
maintenance? Clin Psychol Rev 2001; 
21:857-877.
22. Jenewein J, Wittmann L, Moergeli H, 
Creutzig J, Schnyder U. Mutual influence 
of posttraumatic stress disorder symp-
toms and chronic pain among injured 
accident survivors: A longitudinal study. J 
Trauma Stress 2009; 22:540-548.
23. Dunne RL, Kenardy J, Sterling M. A ran-
domized controlled trial of cognitive-
behavioral therapy for the treatment of 
PTSD in the context of chronic whiplash. 
Clin J Pain 2012; 28:755-765.
24. Sullivan M, Bishop S, Pivik J. The pain 
catastrophizing scale: Development and 
validation. Psychol Assess 1995; :524-532.
25. Buitenhuis J, de Jong PJ, Jaspers JP, 
Groothoff JW. Catastrophizing and caus-
al beliefs in whiplash. Spine (Phila Pa 1976) 
2008; 33:2427-2433; discussion 2434.
26. Sullivan MJ, Stanish W, Sullivan ME, 
Tripp D. Differential predictors of pain 
and disability in patients with whiplash 
injuries. Pain Res Manag 2002; 7:68-74.
27. Walton DM, Pretty J, Macdermid JC, 
Teasell RW. Risk factors for persistent 
problems following whiplash injury: Re-
sults of a systematic review and meta-
analysis. J Orthop Sports Phys Ther 2009; 
39:334-350.
28. Sterling M, Hodkinson E, Pettiford C, 
Souvlis T, Curatolo M. Psychologic fac-
tors are related to some sensory pain 
thresholds but not nociceptive flexion re-
flex threshold in chronic whiplash. Clin J 
Pain 2008; 24:124-130.
29. Scott W, Wideman TH, Sullivan MJ. Clini-
cally meaningful scores on pain catastro-
phizing before and after multidisciplinary 
rehabilitation: A prospective study of in-
dividuals with subacute pain after whip-
lash injury. Clin J Pain 2014; 30:183-190. 
30. Sullivan MJ, Adams H, Rhodenizer T, 
Stanish WD. A psychosocial risk factor-
-targeted intervention for the prevention 
of chronic pain and disability following 
whiplash injury. Phys Ther 2006; 86:8-18.
31. Wade JB, Riddle DL, Thacker LR. Is pain 
catastrophizing a stable trait or dynamic 
state in patients scheduled for knee ar-
throplasty? Clin J Pain 2012; 28:122-128.
32. Barnsley L. Percutaneous radiofrequency 
neurotomy for chronic neck pain: out-
comes in a series of consecutive patients. 
Pain Med 2005; 6:282-286.
33. Lord SM, Barnsley L, Wallis BJ, McDon-
ald GJ, Bogduk N. Percutaneous radio-
frequency neurotomy for chronic cervical 
zygapophyseal-joint pain. N Engl J Med 
1996; 335:1721-1726.
34. Smith AD, Jull G, Schneider G, Frizzell 
B, Hooper RA, Sterling M. Cervical ra-
diofrequency neurotomy reduces cen-
tral hyperexcitability and improves neck 
movement in individuals with chronic 
whiplash. Pain Med 2014; 15:128-141.
35. Smith AD, Jull G, Schneider G, Frizzell 
Pain Physician: May/June 2014; 17:265-274
274  www.painphysicianjournal.com
B, Hooper RA, Sterling M. A comparison 
of physical and psychological features of 
responders and non-responders to cervi-
cal facet blocks in chronic whiplash. BMC 
Musculoskelet Disord 2013; 14:313.
36. Schneider G, Jull G, Thomas K, Smith 
A, Emery C, Faris P, Cook C, Frizzell B, 
Salo P. Derivation of a clinical decision 
guide in the diagnosis of cervical facet 
joint pain. Arch Phys Med Rehabil 2014; 
In Press.
37. Goldberg D. Manual of the General 
Health Questionnaire. NFER-Nelson, 
Windsor, 1978.
38. Foa EB. Posttraumatic Stress Diagnostic 
Scale Hand Scoring Directory. National 
Computer Systems Inc, Minneapolis, 
1995.
39. American Psychiatric Association. Diag-
nostic and Statistical Manual of Mental 
Disorders. 4th edition. American Psychiat-
ric Association, Washington, D.C., 1994.
40. Foa EB. Psychological processes related 
to recovery from a trauma and an effec-
tive treatment for PTSD. Ann N Y Acad Sci 
1997; 821:410-424.
41. Foa EB, Meadows EA. Psychosocial treat-
ments for posttraumatic stress disorder: 
A critical review. Annu Rev Psychol 1997; 
48:449-480.
42. Sullivan MJ, Stanish WD. Psychologically 
based occupational rehabilitation: The 
Pain-Disability Prevention Program. Clin 
J Pain 2003; 19:97-104.
43. Cohen J. A power primer. Psychol Bull 
1992; 112:155-159.
44. Macbeth G, Razumiejczyk E, Ledesma R. 
Cliff ’s Delta Calculator: A non-parametric 
effect size program for two groups of ob-
servations. Univ Psychol 2011; 10:545-555.
45. Kazis LE, Anderson JJ, Meenan RF. Effect 
sizes for interpreting changes in health 
status. Med Care 1989; 27:S178-S189.
46. Cohen J. Statistical Power Analysis for the 
Behavioural Sciences. 2nd edition. Law-
rence Erlbaum Associates, Hillsdale, NJ, 
1988.
47. Radanov B, Sturzenegger M, Di Stefano 
G. Long-term outcome after whiplash in-
jury: A 2-year follow-up considering fea-
tures of injury mechanism and somatic, 
radiologic, and psycholosocial findings. 
Medicine 1995; 74:281-297.
48. Sterling M, Jull G, Vicenzino B, Kenardy J. 
Sensory hypersensitivity occurs soon af-
ter whiplash injury and is associated with 
poor recovery. Pain 2003; 104:509-517.
49. MacVicar J, Borowczyk JM, MacVicar AM, 
Loughnan BM, Bogduk N. Cervical me-
dial branch radiofrequency neurotomy in 
New Zealand. Pain Med 2012; 13:647-654.
50. Prushansky T, Pevzner E, Gordon C, Dvir 
Z. Cervical radiofrequency neurotomy in 
patients with chronic whiplash: A study 
of multiple outcome measures. J Neuro-
surg Spine 2006; 4:365-373.
51. Sapir DA, Gorup JM. Radiofrequency 
medial branch neurotomy in litigant and 
nonlitigant patients with cervical whip-
lash: a prospective study. Spine 2001; 
26:E268-273.
52. Speldewinde GC. Outcomes of percuta-
neous zygapophysial and sacroiliac joint 
neurotomy in a community setting. Pain 
Med 2010; 12:209-218.
53. Carroll LJ, Cassidy JD, Cote P. Frequency, 
timing, and course of depressive symp-
tomatology after whiplash. Spine (Phila Pa 
1976) 2006; 31:E551-556.
54. Carroll LJ, Holm LW, Hogg-Johnson S, 
Cote P, Cassidy JD, Haldeman S, Nor-
din M, Hurwitz EL, Carragee EJ, van der 
Velde G, Peloso PM, Guzman J. Course 
and prognostic factors for neck pain in 
whiplash-associated disorders (WAD): 
Results of the Bone and Joint Decade 
2000 - 2010 Task Force on Neck Pain 
and Its Associated Disorders. Spine 2008; 
33:S83-S92.
55. Foa EB, Cashman L, Jaycox L, Perry, K. 
The validation of a self-report measure of 
posttraumatic stress disorder: The post-
traumatic diagnostic scale. Psychol Assess 
1997; 9:445-451.
56. O’Donnell ML, Creamer M, Bryant RA, 
Schnyder U, Shalev A. Posttraumatic dis-
orders following injury: An empirical and 
methodological review. Clin Psychol Rev 
2003; 23:587-603.
57. Sullivan MJ, Thorn B, Haythornthwaite 
JA, Keefe F, Martin M, Bradley LA, Lefeb-
vre JC. Theoretical perspectives on the re-
lation between catastrophizing and pain. 
Clin J Pain 2001; 17:52-64.
58. Turner JA, Aaron LA. Pain-related cata-
strophizing: What is it? Clin J Pain 2001; 
17:65-71.
59. Baerwald CG, Laufenberg M, Specht T, 
von Wichert P, Burmester GR, Krause 
A. Impaired sympathetic influence on 
the immune response in patients with 
rheumatoid arthritis due to lymphocyte 
subset-specific modulation of beta 2-ad-
renergic receptors. Br J Rheumatol 1997; 
36:1262-1269.
60. Williamson E, Williams M, Gates S, 
Lamb SE. A systematic literature review 
of psychological factors and the devel-
opment of late whiplash syndrome. Pain 
2008; 135:20-30.
61. Kamper SJ, Maher CG, Menezes Costa 
Lda C, McAuley JH, Hush JM, Sterling 
M. Does fear of movement mediate the 
relationship between pain intensity and 
disability in patients following whiplash 
injury? A prospective longitudinal study. 
Pain 2012; 153:113-119.
62. Pedler A, Sterling M. Assessing fear-
avoidance beliefs in patients with 
whiplash-associated disorders: A com-
parison of 2 measures. Clin J Pain 2011; 
27:502-507.
63. Buitenhuis J, Spanjer J, Fidler V. Recovery 
from acute whiplash: The role of coping 
styles. Spine 2003; 28:896-901.
64. Carroll LJ, Cassidy JD, Cote P. The role of 
pain coping strategies in prognosis after 
whiplash injury: Passive coping predicts 
slowed recovery. Pain 2006; 124:18-26.
65. Kivioja J, Jensen I, Lindgren U. Early cop-
ing strategies do not influence the prog-
nosis after whiplash injuries. Injury 2005; 
36:935-940.
66. Soderlund A, Lindberg P. Whiplash-asso-
ciated disorders — predicting disability 
from a process-oriented perspective of 
coping. Clin Rehabil 2003; 17:101-107.
67. Bostick GP, Ferrari R, Carroll LJ, Rus-
sell AS, Buchbinder R, Krawciw D, Gross 
DP. A population-based survey of beliefs 
about neck pain from whiplash injury, 
work-related neck pain, and work-related 
upper extremity pain. Eur J Pain 2009; 
13:300-304.
68. Holm LW, Carroll LJ, Cassidy JD, Skillgate 
E, Ahlbom A. Expectations for recovery 
important in the prognosis of whiplash 
injuries. PLoS Med 2008; 5:e105.
